Acanthamoeba are widespread free-living amoebae which may cause granulomatous amoebic encephalitis (GAE), keratitis, skin ulcerations and disseminated tissue infection. An important diagnostic and prognostic factor for the treatment of infection is a quick and correct diagnosis of amoebae strains. The aim of our study was to develop a rapid method for detection and identification of pathogenic Acanthamoeba spp. strains from diagnostic material collected from water. In this study we analysed five amplification-based genetic markers (Aca 16S, Ac6/210, GP, JDP, Nelson) used for identification of pathogenic Acanthamoeba spp. strains isolated in water sources in Poland, Iceland and Sweden. Our results demonstrated the presence of pathogenic Acanthamoeba strains in tap water. PCR assay appeared to be a more rapid and sensitive method to detect the presence of amoebae than the limited conventional techniques. Based on our observations, we can confirm that the use of four out of five genetic markers (Aca 16S, Ac 6/210, JDP, GP, Nelson) may be helpful in identification of Acanthamoeba spp. strains, but only one Aca 16S primer pair is a highly specific marker that distinguishes between pathogenic strains of Acanthamoeba and other free-living amoeba families.
Introduction
Free-living amoebae belonging to the genera Acanthamoeba, Echinamoeba, Hartmannella, Naegleria, Mastigina, Sappinia, Vahlkampfia, Vannella and Vexillifera are small organisms, which feed on bacteria, fungi, and other particulate matter and are highly adaptable to their environment (Khan 2009 , Stockman et al. 2011 . They have been isolated from a variety of habitats including soil, air, dust, water, and air conditioning vents (Łanocha et al. 2009 ). While many free-living amoebae are ubiquitous and harmless to humans, several genera are pathogenic.
In the literature, species of the genera Acanthamoeba and Naegleria are considered as the most virulent for humans, followed by species belonging to the genus Balamuthia or Sappinia. Acanthamoeba spp. can cause granulomatous amoebic encephalitis (GAE) and amoebic keratitis (AK), amoebic pneumonitis (AP), as well as changes occurring in other human and animal organs. GAE and cutaneous lesions caused by Acanthamoeba can occur in immunocompetent individuals. GAE occurs more frequently in immunocompromised persons including those that are HIV-positive as well as in patients undergoing cancer chemotherapy and in individuals with underlying conditions such as diabetes Cabral 2003, Trabelsi and Dendana 2012) .
The amoebae from the genus Sappinia and Balamuthia cause diseases with symptoms similar to those of an Acanthamoeba infection. The amoebae from the genus Naegleria cause primary amoebic meningoencephalitis (PAM/PAME) (Bravo and Seas 2012 , De Jonckheere 2012 , Qvamstrom et al. 2009 , Visvesvara et al. 2007 .
Knowledge of some aspects of the biology of amoeba and of the epidemiology and pathogenesis of amoebiasis is required to understand diagnostic and treatment strategies. An early amoeba infection diagnosis significantly improves the prognosis. Several methods have been used to identify amoeba in brain tissue, cutaneous lesions, and ocular tissue. These include direct microscopy of wet mounts, stained smears, and culture of tissue in amoeba growth media. Diagnosis by histological methods has been used most frequently. Paraffin-embedded sections of biopsy material from tissues or cutaneous lesions stained with hematoxylin and eosin are useful but not definitive. Immunocytochemical *Corresponding author: mderda@ump.edu.pl Genetic markers for the detection of Acanthamoeba 473 methods such as immunofluorescence or immunoperoxidase allow identification of species. Cellulase binding domain has been used successfully to identify cysts in tissue or trophozoites and cysts from environmental samples (Derda and Hadaś 2009 , Linder et al. 2002 . Identification of trophozoites in tissue by microscopic examination is difficult, and the disease is often misdiagnosed. Because diseases caused by Acanthamoeba spp. may have a prolonged clinical course, a rapid and sensitive technique such as polymerase chain reaction (PCR) would be beneficial for identifying Acanthamoeba spp.
The aim of our study is to develop a rapid method for detection and identification of pathogenic Acanthamoeba spp. strains from diagnostic material collected from the water.
Materials and Methods
Sample collection and culture of Acanthamoeba All amoebae strains tested in this study are shown in Table I . The amoebae from environmental water samples (tap water; water from an ice machine; from Lake Malta, Poznań, Poland; and Strokkur geyser, Iceland) were isolated by filtration on a 0.45 μm pore size filter and cultivated on non-nutrient agar plates covered with Enterobacter aerogenes. The reference strains (Acanthamoeba castellanii -309 (Kasprzak and Mazur 1972) , A. polyphaga -298 (Kasprzak and Mazur 1972) , A.
rhysodes -Chang (Pussard and Pons 1977) and Hartmannella vermiformis -ATCC 50256) were axenically cultured on a liquid medium containing 2% Bacto-Casitone and 10% horse serum, at 28°C (Červa 1969 ).
Isolation of DNA DNA was isolated using the protocol of a QIAamp DNA Mini Kit (Qiagen, France) and eluted with 100 μl of sterile water.
PCR analysis
PCR was additionally performed using Aca 16S, Ac6/210, GP, JDP and Nelson primers (Table II) . DNA amplification was performed with each primer set in a 50-μl reaction volume, containing 0.1-1.0 ng DNA, 1.5 U AmpliTaq Gold DNA polymerase (Applied Biosystems, USA), 200 µM dNTPs (Invitrogen, USA), 2.5 mM MgCl 2 (Applied Biosystems, USA), and 200 nM primers.
PCR for Aca 16S, Ac6/210, GP and JDP primers After a denaturation step at 94°C for 5 min, 35 cycles of amplification were performed as follows: 1 min at 94°C, 1 min at 56°C, and 1 min at 72°C, followed by a final extension of 72°C for 10 min. Two microlitres of sterile water were used as a negative control. 
PCR for Nelson primers
After a denaturation step at 94°C for 5 min, 44 cycles of amplification were performed as follows: 30 s at 94°C, 40 s at 55°C, and 40 s at 72°C, followed by a final extension of 72°C for 10 min. Two microlitres of sterile water were used as a negative control. Amplified DNA was electrophoresed on 2% agarose gel in TAE buffer (2 M Tris, 0.05 M EDTA, 5.7% glacial acetic acid) for 90 min at 50 V, stained with a solution of 0.5 mg per ml of ethidium bromide, and visualized under UV light. Amplified DNA was electrophoresed together with 100 bp DNA Ladder (Invitrogen, USA).
Results
Amoebae from the genus Acanthamoeba were identified in 5 out of 9 (55.55%) water samples and in 3 out of 3 reference (Lehmann et al., 1998) strains (positive control) by using conventional techniques (such as direct microscopic and culture techniques, based on the morphology of cyst and trophozoite forms). Additionally, Hartmannella spp. were characterized in 2 out of 9 (22%) water samples and Naegleria spp. in 2 out of 9 (22%) water samples, as well as Hartmannella in 1 out of 1 reference strain (positive control) ( Table I) .
Potential pathogenic Acanthamoeba spp. isolates were characterized by PCR reactions using the five primer pairs related to Acanthamoeba pathogenesis (for the used primers, see Table II ). A summary of the results of the PCR data is presented in Table III. A total of 5 out of 9 (55.5%) Acanthamoeba strains isolated from water samples demonstrated the pathogenic potential, giving positive amplification (Table III) . The Aca 16S, Ac2/210, Nelson, JDP primer pairs detected 5 out of 9 (55,5%) pathogenic Acanthamoeba strains isolated from water samples; the GP primer was able to detect only 2 out of 9 (22.2%) pathogenic Acanthamoeba strains isolated from the same samples identified by PCR (Table III) . Furthermore, the use of the Nelson primer confirmed detection of amoebae from the genus Hartmannella isolated from ice machine water in Sweden (a single specific 190 bp fragment was generated); and the Ac6 primer produced an amplimer with amoeba from the genus Hartmannella isolated from the tap water from a hospital (Poland) ( Table III ). An analysis of the amplimer of the JDP primer confirmed detection of Naegleria isolated from a geyser (Iceland) ( Table III) . After PCR reactions with the species specific primers (the five primers used for identification of the pathogenic Acanthamoeba strains), only one Aca 16S primer pair appeared to be a highly specific marker that distinguishes between the pathogenic strains of Acanthamoeba and another freeliving amoeba family in water (Fig. 1) .
Discussion
The omnipresence of amoeba in the surrounding environment is undeniable. These cosmopolitan organisms are found in samples of soil, air, and water, being isolated from animal tissues. Acanthamoeba spp. trophozoites and cysts have been detected in ocean sediments, waste water, bottled mineral water, swimming pools, air conditioners, on vegetables and mushrooms, as well as in the mucosa of the nasal cavity, throat and purulent secretions from the ear (Goldschmidt 2012) . They are a subject of research not only for biologists, but also for geneticists, microbiologists and cytologists.
Acanthamoeba spp. have been isolated and identified in many countries around the world, for example in Bulgaria, Brazil, Japan, the USA and Switzerland, and also in Poland (Gianinazzi 2009 , John and Howard 1995 , Kasprzak and Mazur 1972 , Magnet et al. 2012 , Mahmoudi et al. 2012 , Tsetkova et al. 2004 .
During the last few years, molecular techniques (PCR) are increasingly being used in the identification of the genotype (Booton et al. 2005 , Caumo et al. 2009 , Edagawa et al. 2009 , Goldschmidt et al. 2012 , Howe et al. 1997 , Itahashi et al. 2011 , Jain and Tilak 2011 , Laummaunwai et al. 2012 , Le Calvez et al. 2012 . Our results confirmed the usefulness of PCR for the early, rapid and sensitive diagnosis of pathogenic Acanthamoeba spp. strains. The best highly specific marker that distinguishes the pathogenic Acanthamoeba strains in water samples in Poland is a pair of primers of Aca 16 ( Fig. 1 and Table III ). The first results confirming the sensitivity and specificity of a PCR assay for the detection of Acanthamoeba keratitis (AK) were demonstrated by Lehmann et al. (1998) , using two different pairs of primers (P 1 GP, P 2 GP). An interesting study showed that a combination of primer pairs (ACARNA, JDP and NELSON) in the PCR-based method for 
diagnosing AK is more sensitive than culture and microscopy techniques (Yera et al. 2007) . Our detection of the pathogenic strain of Acanthamoeba spp. by the PCR method using pairs of primer of Aca 16S confirmed the data published by Yagi et al. (2007) . In contrast, Howe et al. (1997) reported that pairs of primers of Ac6 were amplified from the pathogenic and non-pathogenic strains of Acanthamoeba spp., which was also found in our study. The present study confirmed that DNA extraction and simple PCR techniques are effective methods of detecting even a single cyst of Acanthamoeba spp. (Yera et al. 2007 ). On the other hand, newly developed methods, such as real-time PCR, highresolution melting real-time PCR and multiplex quantitative PCR, are useful for a rapid and precise diagnosis of AK. These methods can help ophthalmologists in making the best treatment decision.
In conclusion, PCR is one of the techniques with high sensitivity and specificity, which is proposed as an alternative method (to microscopy and culture techniques) for laboratory diagnosis of Acanthamoeba spp. The PCR method has been successfully used to detect Acanthamoeba spp. in the environment as well as in patients with GAE and cutaneous acanthamoebiasis using suitable primers. Our results confirm that a simple PCR is an efficient tool to detect pathogenic strains of Acanthamoeba spp. in environmental samples and only one Aca 16S primer pair appeared to be a highly specific marker that distinguishes between the pathogenic strains of Acanthamoeba spp. and another free-living amoeba family in water samples.
